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Description 

METHOD OF FORMING HIGH VOLTAGE 
METAL OXIDE SEMICONDUCTOR 

TRANSISTOR 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The present invention relates to a method of forming a 

high voltage metal oxide semiconductor (HVMOS) transis- 
tor, and more particularly, to a method of forming a HV- 
MOS transistor with a double diffuse drain (DDD). 

[0003] 2. Description of the Prior Art 

[0004] Double diffuse drain (DDD) is a source/drain structure 

that is applied to HVMOS transistors. The DDD structure is 
able to provide the HVMOS transistor with a higher break- 
down voltage. This can prevent a high voltage, such as 
electrostatic discharge (ESD), from damaging the transis- 
tor. Furthermore, the hot electron effect resulting from 
short channel is avoided. 



[0005] please refer to Fig. 1 showing a schematic diagram of a 

conventional HVMOS transistor 10 with DDD. As shown in 
Fig. 1, the HVMOS transistor 10 is formed in a substrate 
12. The substrate 12 comprises two field oxide layers 14 
formed in the substrate 12, a first conductive type well 16 
formed in the substrate 12 between the field oxide layers 
14, a gate 26 formed on the substrate 12 between the 
field oxide layers 14, and a gate oxide layer 24 between 
the gate 26 and the substrate 12. In addition, the sub- 
strate 12 comprises two second conductive type first 
doped regions 30 positioned in the substrate 12 between 
the gate 26 and the two field oxide layers 14, and two 
second conductive type second doped regions 32 posi- 
tioned above the first doped regions 30. 

[0006] please refer to Fig. 2 to Fig. 5. Fig. 2 to Fig. 5 are 

schematic diagrams illustrating a method of forming the 
HVMOS transistor 10 according to the prior art. As shown 
in Fig. 2, first a substrate 12 is provided. Then, a thermal 
oxidation process is performed to form two field oxide 
layers 14 in the substrate 12, and a first conductive type 
well 16 is formed in the substrate 12. It is worth noting 
that if the desired HVMOS transistor 10 is N type, the first 
conductive type is P type, and if the desired HVMOS tran- 



sistor 10 is P type, the first conductive type is N type. 

[0007] As shown in Fig. 3, an oxide layer 18 and a polysilicon 

layer 20 are sequentially formed on the substrate 12, and 
a photoresist layer 22 is coated on the polysilicon layer 
20. Then as shown in Fig. 4, an exposure process and a 
development process are performed to remove a portion 
of the photoresist layer 22 for forming a patterned pho- 
toresist layer (not shown). Then, an etching process is 
performed by utilizing the patterned photoresist layer (not 
shown) as a mask to remove the polysilicon layer 20 and 
the oxide layer 18 which are not covered by the mask 
such that a gate oxide layer 24 and a gate 26 are formed 
on the substrate 12. Finally, the patterned photoresist 
layer (not shown) is removed. 

[0008] As shown in Fig. 5, another photoresist layer (not shown) 
is coated on the substrate 12, and an exposure process 
and a development process are sequentially performed to 
form a patterned photoresist layer 28 on the field oxide 
layers 14. Then, an ion implantation process is performed 
by utilizing the gate 26 and the patterned photoresist 
layer 28 as a hard mask to form two second conductive 
type first doped regions 30 in the substrate 12. There- 
after, another ion implantation process is performed to 



form two second conductive type second doped regions 
32. It is worth noting that if the desired HVMOS transistor 
10 is N type, the second conductive type is N type, and if 
the desired HVMOS transistor 10 is P type, the second 
conductive type is P type. 
[0009] According to the prior art, the gate 26 and the patterned 
photoresist layer 28 above the two field oxide layers 14 
are utilized as a hard mask, and two ion implantation pro- 
cesses are consecutively performed to form two first 
doped regions 30 and two second doped regions 32 
which serve as the DDD of the HVMOS transistor 10. How- 
ever, the thickness of the gate 26 hinders the doped en- 
ergy during the ion implantation processes. Once the 
doped energy is too high, the doped ions will pass 
through the gate 26 and enter into the gate oxide layer 26 
such that the gate 26 and the substrate 12 are short- 
circuited. Consequently, the first doped regions 30 and 
the second doped regions 32 cannot reach to an ideal 
depth according to the prior art due to the doped energy 
limitation. This makes the conventional HVMOS transistor 
10 have a relatively poor breakdown voltage. Take a con- 
ventional N type HVMOS transistor for example. The 
breakdown voltage is about 20V, which does not meet the 



high voltage requirement (20V to 30V) for HVMOS transis- 
tors. 

Summary of Invention 

[0010] it is therefore a primary object of the claimed invention to 
provide a method of forming a HVMOS transistor for im- 
proving the breakdown voltage. 

[0011] According to the claimed invention, a method of forming 
a HVMOS transistor with double diffuse drain (DDD) in a 
substrate is disclosed. The substrate comprises a first 
conductive type well. The method comprises forming a 
polysilicon layer and a first photoresist layer on the sub- 
strate, removing a portion of the first photoresist layer, 
performing an ultraviolet curing process to the first pho- 
toresist layer, removing a portion of the polysilicon layer 
not covered by the first photoresist layer to form a gate, 
coating a second photoresist layer onto the substrate and 
the first photoresist layer, removing a portion of the sec- 
ond photoresist layer to form two openings, performing 
two ion implantation processes consecutively to form two 
second conductive type first doped regions and two sec- 
ond conductive type second doped regions via the two 
openings, and removing the first photoresist layer and the 
second photoresist layer. 



[0012] it j S an advantage of the claimed invention that the pho- 
toresist layer originally used to form the gate is used as a 
hard mask to perform two ion implantation processes 
such that the doped regions are deeper than the doped 
regions of the prior art. Hence, the breakdown voltage is 
effectively improved. 

[0013] These and other objectives of the present invention will no 

doubt become obvious to those of ordinary skill in the art 

after having read the following detailed description of the 

preferred embodiment that is illustrated in the various 

figures and drawings. 
Brief Description of Drawings 

[0014] pig. 1 is a schematic diagram of a conventional HVMOS 
transistor. 

[0015] Fig. 2 to Fig. 5 are schematic diagrams illustrating a 

method of forming a HVMOS transistor according to the 
prior art. 

[0016] Fig. 6 to Fig. 10 are schematic diagrams illustrating a 

method of forming a P type HVMOS transistor according 
to a preferred embodiment of the present invention. 

[0017] Fig. 11 to Fig. 13 are schematic diagrams illustrating a 
method of forming a HVMOS transistor according to an- 
other embodiment of the present invention. 



Detailed Description 

[0018] please refer to Fig. 6 to Fig. 10. Fig. 6 to Fig. 10 are 

schematic diagrams illustrating a method of forming a P 
type HVMOS transistor 50 with DDD according to a pre- 
ferred embodiment of the present invention. As shown in 
Fig. 6, first a substrate 52 is provided. The substrate 50 
can be a polysilicon substrate, an epitaxial silicon sub- 
strate, or a silicon on insulator (SOI) substrate. Then, a 
thermal oxidation process is carried out to form two field 
oxide layers 54 in the substrate 52, and an N type well is 
formed in the substrate 52 by doping ions, such as phos- 
phorous (P) or arsenic (As), into the substrate 52 between 
the field oxide layers 54. The field oxide layers 54 are for 
insulating adjacent HVMOS transistors or other compo- 
nents, and thus other structures such as trenches can re- 
place the field oxide layers 54 in the present invention. 

[0019] As shown in Fig. 7, a thermal oxidation process is carried 
out to form an oxide layer 58 on the substrate 52, and 
then a polysilicon layer 60 is deposited on the oxide layer 
58. Thereafter, a photoresist layer 62 is coated onto the 
polysilicon layer 60. Since the polysilicon layer 60 is used 
as a gate, the polysilicon layer 60 can be doped polysili- 
con or undoped polysilicon. Furthermore, a silicide layer 



(not shown) can be formed on the polysilicon layer 60 for 
improving conductivity. 

[0020] As shown in Fig. 8, an exposure process and a develop- 
ment process are consecutively performed to remove a 
portion of the photoresist layer 62 such that a first pat- 
terned photoresist layer 64 is formed on the polysilicon 
layer 60. Then, an etching process is carried out by utiliz- 
ing the patterned photoresist layer as a hard mask to re- 
move the polysilicon layer 60 and the oxide layer 58 not 
covered by the first patterned photoresist layer 64 such 
that a gate oxide layer 68 and a gate 66 are formed. It is 
worth noting that the first patterned photoresist layer 64 
is not removed immediately after the gate 66 and the gate 
oxide layer 68 are formed. The first patterned photoresist 
layer 64 is retained as a hard mask for the following ion 
implantation processes. Therefore, the method of the 
present invention further comprises an ultraviolet curing 
process for improving adhesion of the first patterned 
photoresist layer 64, and enhancing the resisting ability of 
the first patterned photoresist layer 64 against the doped 
ions during the following ion implantation processes. 

[0021] As shown in Fig. 9, another photoresist layer (not shown) 
is coated onto the substrate 52, and an exposure process 



and a development process are performed to remove a 
portion of the photoresist layer (not shown) such that a 
second patterned photoresist layer 70 is formed on the 
field oxide layers 54. The first patterned photoresist layer 
64 and the second patterned photoresist layer 70 form 
two openings 71. Then, a first ion implantation process is 
performed by utilizing the first patterned photoresist layer 
64 and the second patterned photoresist layer 70 as a 
mask to form two N type first doped regions 72 in the 
substrate 52 via the two openings 71. Thereafter, a sec- 
ond ion implantation process is performed to form two N 
type second doped regions 74 above the first doped re- 
gions 72 in the substrate 52 via the two openings 71. The 
doped ions of the first ion implantation process and the 
second ion implantation processes are BF 2 + or boron (B), 
wherein the doped concentration of the first ion implanta- 
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tion process is 10 atoms/cm , and the doped concen- 
tration of the second ion implantation process is 10 

15 3 

atoms/cm . In addition, for forming an N type HVMOS 
transistor, phosphorous (P) ions can be used in the first 
ion implantation process, while arsenic (AS) ions can be 
used in the second implantation process. In such case, the 
double diffuse drain can be formed automatically since 



phosphorous ions and arsenic ions have different diffus- 
ing rates. 

[0022] Finally, as shown in Fig. 10, the first patterned photoresist 
layer 64 and the second patterned photoresist layer 70 
are removed. 

[0023] | n the preferred embodiment, a method utilizing two ion 
implantation processes with different doping energy or 
different dopants for forming the double diffuse drain is 
disclosed. However, the present invention can also utilize 
following method to form the HVMOS transistor 50 having 
double diffuse drain. Please refer to Fig. 11 to Fig. 13. Fig. 
11 to Fig. 13 are schematic diagrams illustrating a method 
of forming a HVMOS transistor 50 according to another 
embodiment of the present invention. As shown in Fig. 
11, primarily, a first patterned photoresist layer 64 is 
formed to define a gate 66, and the first patterned pho- 
toresist layer 64 is retained. Then, a second patterned 
photoresist layer 70 is formed on the substrate 52 such 
that two openings are formed alongside the gate 66. The 
key difference between this embodiment and the pre- 
ferred embodiment is that the second patterned photore- 
sist layer 74 is formed on the field oxide layers 54, and 
around the first patterned photoresist layer 64 and the 



gate 66 in this embodiment. Following that, a first ion im- 
plantation process is performed by utilizing the first pat- 
terned photoresist layer 64 and the second patterned 
photoresist layer 70 as a hard mask to form two first 
doped regions 72 in the substrate 52. 
[0024] As shown in Fig. 12, a descum process is performed in a 
chamber by injecting gases, such as C F , O , and He, to 
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laterally remove a portion of the second patterned pho- 
toresist layer 70 so that the two openings 71 are en- 
larged. Then a second ion implantation process is per- 
formed by utilizing the first patterned photoresist layer 64 
and the reduced second patterned photoresist layer 70 as 
a hard mask to form two second doped regions 74 in the 
substrate 52. 

[0025] Finally as shown in Fig. 13, the first patterned photoresist 
layer 64 and the second patterned photoresist layer 70 
are removed. 

[0026] it is worth noting that the present invention can also per- 
form two ion implantation processes accompanying a step 
of forming a spacer alongside the gate to produce the 
double diffuse drain. For example, first a first ion implan- 
tation process is performed to form two first doped re- 
gions in the substrate. Then a spacer is formed on the 



sidewall of the gate, and a second ion implantation pro- 
cess is followed to form two second doped regions 
smaller than the first doped regions. Since the step of 
forming the spacer is well known in the semiconductor in- 
dustry, details are not given here. The only thing that 
needs to be noticed is when depositing the spacer, the 
temperature is so high that the first patterned photoresist 
lyaer cannot bear. In such case, a cap layer is formed to 
replace the first patterned photoresist layer for protecting 
the gate. 

[0027] According to testing results, the HVMOS transistor of the 
present invention has a higher breakdown voltage. For 
example, the breakdown voltage of a P type HVMOS tran- 
sistor formed according to the present invention is in- 
creased from 18V to 30V. 

[0028] | n comparison with conventional technologies, the HVMOS 
transistor of the present invention utilizes the patterned 
photoresist layer that forms the gate as a hard mask to 
form the double diffuse drain. Hence, the breakdown volt- 
age is effectively improved. Furthermore, the method of 
the present invention has the advantage of self- 
alignment. 

[0029] Those skilled in the art will readily observe that numerous 



modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



